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“Deep Tropics Squeeze”

Trends in GCM Precipitation

Lau and Kim 2015
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“Tightening of Hadley Ascent”

Su et al. 2017
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ITCZ Location, Width, Intensity Metrics

R Modified version of Berry and Reeder (2014) 
identification method
§ Apply a series of dynamic and thermodynamic masks to 

monthly mean ERA-Interim reanalysis
• Divergence, ∇Divergence, ∇2Divergence, θw(850)

R Use monthly mean rain rates to identify ITCZ 
boundaries
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ITCZ Identification Example
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Long-term Pacific ITCZ Trends

b = -60 km/dec

b = -15 km/dec

b = -45 km/dec

b= 0.14 mm/day/dec

b= 0.44 mm/day/dec

From Wodzicki and Rapp (2016)
Byrne et al. (2018)
Stephens et al. (2018)
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Summary

R Observations show long-term narrowing of ITCZ, 
especially in central Pacific

R Precipitation intensity in ITCZ center increases with 
narrowing

R Dry layer frequency in ITCZ region has increased, 
especially in region of greatest narrowing (not 
shown)

Current work

R How does the population of individual precipitating 
cloud systems vary with large-scale ITCZ 
variations? 
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Precipitation Features (PFs)

R Extracted all TRMM 
PR PFs from Liu et al. 
(2008) that fall within 
ITCZ boundaries

into properties of features with file size of, on average,
2.8 megabytes, a reduction in data volume by a factor of
72. After all features are defined from level-1 orbital
products, they are combined into monthly files in
HDF4 format as level-2 products.

c. Level 3: Generating climatological descriptions
from cloud and precipitation features

It is useful to have characteristics of individual clouds
and precipitation systems in level 2 data. It is also im-

FIG. 3. Demonstration of the feature types using a severe-hailstorm case (Zipser et al. 2006). (a) 2A25 near-surface rainfall rate. RPF
is defined by the area with rain shown by black contour. (b) The PR maximum-reflectivity ground projection. RPPF is defined by area
with 20 dBZ shown by black contour. (c) 2A12 surface rainfall rate. TPF is defined by area with rain shown by black contour. Black
dots are the location of flashes detected by LIS. (d) TMI 85-GHz PCT. PCTF is shown by 250-K contour line. (e) VIRS TB11 C210F,
C235F, and C273F are defined by area with TB11 ! 210, 235, and 273 K shown by black contours. (f) Vertical profiles of 20-dBZ area
(solid line) and the maximum reflectivity (dashed line) of the large RPPF defined in (b). The dash line in (a)–(e) is the edge of the PR
swath. Note that there could be a truncation effect due to the narrow PR swath in defining large features (Nesbitt et al. 2006).

TABLE 2. Some parameters of the largest features differently defined in Figs. 3a–e. Note that because of the 2A12 missing rain rate
in the center of the system, TPF has lower values of total rain volume and missed the highest echo top of the system.

Feature definition RPF TPF RPPF PCTF C210F C235F C273F

Lon (°) "97.5 "97.0 "96.8 "97.4 "97.2 "95.7 "95.3
Lat (°) 34.2 34.5 34.5 34.2 34.4 35.0 35.0
Area (km2) 4605 14 694 22 167 8189 14 640 58 885 79 080
2A25 volumetric rain (mm h"1 km2) 44 963 13 534 65 766 45 090 44 710 112 211 113 236
2A12 volume rain (mm h"1 km2) 98 053 135 469 196 577 118 071 127 791 364 781 367 949
Raining area fraction (%) 100 29 39 60 38 26 20
Convective raining area fraction (%) 70 31 58 69 62 53 54
Convective rain volume fraction (%) 97 87 96 97 96 95 95
Min 85-GHz PCT (K) 50.3 66.8 50.3 50.3 50.3 50.3 50.3
Min TB11 (K) 190.3 193.8 187.0 190.3 190.3 187.0 187.0
Max storm height (K) 18.4 16.1 18.8 18.4 18.4 18.7 18.7
Flash counts (No.) 400 264 514 434 427 636 636
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Fig 3 live 4/C

Liu et al. (2008)

R Composited distribution 
of PF anomalies for 
widest and narrowest 
25% of ITCZ width 
distribution
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PF Maximum Height

Climatology Wide ITCZs Narrow ITCZs

Wodzicki and Rapp (submitted)
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Cumulus Congestus Cumulonimbus
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PF Area

Climatology Wide ITCZs Narrow ITCZs
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PF Stratiform Area

Climatology Wide ITCZs Narrow ITCZs



PMM STM 2019

Summary
R When ITCZ is wide:

§ PFs deeper and larger, with greater stratiform area 

R When ITCZ is narrow:
§ PFs smaller and shallow

Future work

R Build a cloud feature 
dataset with VIRS, TMI, 
and PR to examine 
precipitation-anvil cloud 
area relationships 
change with 
environment, ENSO, 
large-scale ITCZ state?


